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66 66 
-continued IMAGING MEMBERS CONTAINING 

ARYLENE ETHER ALCOHOL POLYMERS 

BACKGROUND OF THE INVENTION 

The present invention is directed to high performance 
polymers, processes for the preparation thereof, and articles 
and processes for the use thereof. More speci?cally, the 
present invention is directed to high performance polymers 10 

@636 2% 5 O 5 
1 2 2 

_t_l, wbmmm 
SOT n mece .lh. 

ir t 

CPha O 
.1 cm hei a Pmhglu gOImI mtero Onbef hemme Pmegqm 

mdmof O 
dlmgimo kmnhr 5 aa hnieo CO mp u.nra SCaMg mmmbwm .meds.m imihtwemi Paiuo W ddc 

BSHH .B 
meiod 

fmnCm A keumab .m ?amnwa m 
t es e .mgvnm h s.m.mpa W 

W2 H C 

30 

or a mixture of 

o 
35 

40 
wherein R is a hydrogen atom, an alkyl group, an aryl group, 
or mixtures thereof, B is 
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Wherein v is an integer of from 1 to about 20, 
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Wherein Z is an integer of from 2 to about 20, 
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10 wherein p is an integer of 0 or 1, 
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Wherein t is an integer of from 1 to about 20, 
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OT Wherein R1 and R2 each, independently of the other, are 65 

hydrogen atoms, alkyl groups, or aryl groups, and p is an 
integer of 0 or 1, 
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wherein p is 0 or 1; (2) Ar is 

(3) G is an alkyl group selected from alkyl or isoalkyl groups 
containing from about 2 to about 10 carbon atoms; (4) Ar‘ is 

(5) X is 
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65 

Wherein s is 0, 1, or 2, 

OT 

and (6) q is 0 or 1; or mixtures thereof, hydroXy-substituted, 
hydroXyalkyl-substituted, or hydroXyaryl-substituted 
derivatives thereof, or miXtures thereof, and n is an integer 
representing the number of repeating monomer units. 

In one speci?c embodiment of the present invention, the 
polymer is of the formula 

Wherein P is a substituent Which enables crosslinking of the 
polymer, a, b, c, and d are each integers of 0, 1, 2, 3, or 4, 
provided that at least one of a, b, c, and d is equal to or 
greater than 1 in at least some of the monomer repeat units 
of the polymer. 

In another speci?c embodiment of the present invention, 
the polymer is prepared by a process Which comprises (1) 
providing a precursor polymer of the formula 

(TEE/Owl 
Wherein A is 
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-continued -continued 
H TH ‘F 
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wherein R1 and R2 each, independently of the other, are 
hydrogen atoms, alkyl groups, or aryl groups, and p is an 
integer of 0 or 1, 
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wherein A is -continued 

OHC 
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p m or mixtures thereof. 

In yet another speci?c embodiment of the present 
invention, the polymer is prepared by a process Which 
comprises (1) providing a precursor polymer of the formula 60 

H 

6 l0 m 
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(3) G is an alkyl group selected from alkyl or isoalkyl groups 
containing from about 2 to about 10 carbon atoms; (4) Ar‘ is 50 

166 60 

65 

16 
(5) X is 

and (6) q is 0 or 1; or mixtures thereof, hydroXy-substituted, 
hydroXyalkyl-substituted, or hydroXyaryl-substituted 
derivatives thereof, or miXtures thereof, and n is an integer 
representing the number of repeating monomer units, (2) 
reacting the precursor polymer With a reagent of the formula 
RMgX, Wherein R is a hydrogen atom, an alkyl group, an 
aryl group, or miXtures thereof and X is a halogen atom, and 
(3) subsequent to step 2, adding Water or acid to the 
precursor polymer, thereby resulting in formation of a 
polymer of the formula 

o/EUEd 
Wherein A is 
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or a mixture of 

R 0 

—(II— and 1|: 
| / \ ’ 
OH 

wherein R is a hydrogen atom, an alkyl group, an aryl group, 
or mixtures thereof. 

The formation and development of images on the surface 
of photoconductive materials by electrostatic means is Well 
knoWn. The basic electrophotographic imaging process, as 
taught by C. F. Carlson in US. Pat. No. 2,297,691, entails 
placing a uniform electrostatic charge on a photoconductive 
imaging member, exposing the imaging member to a light 
and shadoW image to dissipate the charge on the areas of the 
imaging member exposed to the light, and developing the 
resulting electrostatic latent image by depositing on the 
image a ?nely divided electroscopic material knoWn as 
toner. In charge area development (CAD) systems, the toner 
Will normally be attracted to those areas of the imaging 
member Which retain a charge, thereby forming a toner 
image corresponding to the electrostatic latent image. In 
discharge area development (DAD) systems, the toner Will 
normally be attracted to those areas of the imaging member 
Which have less or no charge as a result of exposure to light, 
thereby forming a toner image corresponding to the elec 
trostatic latent image. This developed image may then be 
transferred to a substrate such as paper. The transferred 
image may subsequently be permanently affixed to the 
substrate by heat, pressure, a combination of heat and 
pressure, or other suitable ?xing means such as solvent or 
overcoating treatment. 

Imaging members for electrophotographic imaging sys 
tems comprising selenium alloys vacuum deposited on sub 
strates are knoWn. Imaging members have also been pre 
pared by coating substrates With photoconductive particles 
dispersed in an organic ?lm forming binder. Coating of rigid 
drum substrates has been effected by various techniques 
such as spraying, dip coating, vacuum evaporation, and the 
like. Flexible imaging members can also be manufactured 
by processes that entail coating a ?exible substrate With the 
desired photoconducting material. 
Some photoresponsive imaging members consist of a 

homogeneous layer of a single material such as vitreous 
selenium, and others comprise composite layered devices 
containing a dispersion of a photoconductive composition. 
An example of a composite xerographic photoconductive 
member is described in US. Pat. No. 3,121,006, Which 
discloses ?nely divided particles of a photoconductive inor 
ganic compound dispersed in an electrically insulating 
organic resin binder. Imaging members prepared according 
to the teachings of this patent contain a binder layer With 
particles of Zinc oxide uniformly dispersed therein coated on 
a paper backing. The binders disclosed in this patent include 
materials such as polycarbonate resins, polyester resins, 
polyamide resins, and the like. 

Photoreceptor materials comprising inorganic or organic 
materials Wherein the charge generating and charge trans 
port functions are performed by discrete contiguous layers 
are also knoWn. Additionally, layered photoreceptor mem 
bers are disclosed in the prior art, including photoreceptors 
having an overcoat layer of an electrically insulating poly 
meric material. Other layered photoresponsive devices have 
been disclosed, including those comprising separate photo 
generating layers and charge transport layers as described in 
US. Pat. No. 4,265,990, the disclosure of Which is totally 
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18 
incorporated herein by reference. Photoresponsive materials 
containing a hole injecting layer overcoated With a hole 
transport layer, folloWed by an overcoating of a photoge 
nerating layer, and a top coating of an insulating organic 
resin, are disclosed in US. Pat. No. 4,251,612, the disclo 
sure of Which is totally incorporated herein by reference. 
Examples of photogenerating layers disclosed in these pat 
ents include trigonal selenium and phthalocyanines, While 
examples of transport layers include certain aryl diamines as 
illustrated therein. 

In addition, US. Pat. No. 3,041,167 discloses an over 
coated imaging member containing a conductive substrate, 
a photoconductive layer, and an overcoating layer of an 
electrically insulating polymeric material. This member can 
be employed in electrophotographic imaging processes by 
initially charging the member With an electrostatic charge of 
a ?rst polarity, folloWed by exposing it to form an electro 
static latent image that can subsequently be developed to 
form a visible image. 

U.S. Pat. No. 3,914,194 (Smith), the disclosure of Which 
is totally incorporated herein by reference, discloses a form 
aldehyde copolymer resin having dependent unsaturated 
groups With the repeating unit 

Wherein R is an aliphatic acyl group derived from saturated 
acids having 2 to 6 carbons, ole?nically unsaturated acids 
having 3 to 20 carbons, or an omega-carboxy-aliphatic acyl 
group derived from ole?nically unsaturated dicarboxylic 
acids having 4 to 12 carbons or mixtures thereof, R1 is 
independently hydrogen, an alkyl group of 1 to 10 carbon 
atoms, or halogen, Z is selected from oxygen, sulfur, the 
group represented by Z taken With the dotted line represents 
dibenZofuran and dibenZothiophene moieties, or mixtures 
thereof, n is a Whole number suf?cient to give a Weight 
average molecular Weight greater than about 500, m is 0 to 
2, p and q have an average value of 0 to 1 With the proviso 
that the total number of p and q groups are suf?cient to give 
greater than one unsaturated group per resin molecule. These 
resins are useful to prepare coatings on various substrates or 
for potting electrical components by mixing With reactive 
diluents and curing agents and curing. 

“Chloromethylation of Condensation Polymers Contain 
ing an oxy-1,4-phenylene Backbone,” W. H. Daly et al., 
Polymer Preprints, Vol. 20, No. 1, 835 (1979), the disclosure 
of Which is totally incorporated herein by reference, dis 
closes the chloromethylation of polymers containing oxy 
phenylene repeat units to produce ?lm forming resins With 
high chemical reactivity. The utility of 1,4-bis 
(chloromethoxy) butane and 1-chloromethoxy-4 
chlorobutane as chloromethylating agents are also 
described. 

European Patent Application EP-0,698,823-A1 (Fahey et 
al.), the disclosure of Which is totally incorporated herein by 
reference, discloses a copolymer of benZophenone and 
bisphenol A Which Was shoWn to have deep ultraviolet 
absorption properties. The copolymer Was found useful as an 
antire?ective coating in microlithography applications. 
Incorporating anthracene into the copolymer backbone 
enhanced absorption at 248 nm. The encapper used for the 
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copolymer varied depending on the needs of the user and 
Was selectable to promote adhesion, stability, and absorption 
of different Wavelengths. 
M. Camps, M. Chatzopoulos, and J. Montheard, “Chlo 

romethyl Styrene: Synthesis, Polymerization, 
Transformations, Applications,” JMS—Rev. Macromol. 
Chem. Phys., C22(3), 343—407 (1982-3), the disclosure of 
Which is totally incorporated herein by reference, discloses 
processes for the preparation of chloromethyl-substituted 
polystyrenes, as Well as applications thereof. 

Y. Tabata, S. TagaWa, and M. Washio, “Pulse Radiolysis 
Studies on the Mechanism of the High Sensitivity of Chlo 
romethylated Polystyrene as an Electron Negative Resist,” 
Lithography, 25(1), 287 (1984), the disclosure of Which is 
totally incorporated herein by reference, discloses the use of 
chloromethylated polystyrene in resist applications. 
M. J. Jurek, A. E. Novembre, I. P. HeyWard, R. Gooden, 

and E. Reichmanis, “Deep UV Photochemistry of Copoly 
mers of Trimethyl-Silylmethyl Methacrylate and 
Chloromethylstyrene,” Polymer Preprints, 29(1) (1988), the 
disclosure of Which is totally incorporated herein by 
reference, discloses the use of an organosilicon polymer of 
chloromethylstyrene for resist applications. 

P. M. Hergenrother, B. J. Jensen, and S. J. Havens, 
“Poly(arylene ethers),” Polymer; 29, 358 (1988), the disclo 
sure of Which is totally incorporated herein by reference, 
discloses several arylene ether homopolymers and copoly 
mers prepared by the nucleophilic displacement of aromatic 
dihalides With aromatic potassium bisphenates. Polymer 
glass transition temperatures ranged from 114 to 310° C. and 
some Were semicrystalline. TWo ethynyl-terminated pol 
yarylene ethers) Were synthesized by reacting hydroXy 
terminated oligomers With 4-ethynylbenzoyl chloride. Heat 
induced reaction of the acetylenic groups provided materials 
With good solvent resistance. The chemistry, physical, and 
mechanical properties of the polymers are also disclosed. 

S. J. Havens, “Ethynyl-Terminated Polyarylates: Synthe 
sis and Characterization,” Journal of Polymer Science: 
Polymer Chemistry Edition, vol. 22, 3011—3025 (1984), the 
disclosure of Which is totally incorporated herein by 
reference, discloses hydroXy-terminated polyarylates With 
number average molecular Weights of about 2500, 5000, 
7500, and 10,000 Which Were synthesized and converted to 
corresponding 4-ethynylbenzoyloXy-terminated polyary 
lates by reaction With 4-ethynylbenzoyl chloride. The ter 
minal ethynyl groups Were thermally reacted to provide 
chain extension and crosslinking. The cured polymer eXhib 
ited higher glass transition temperatures and better solvent 
resistance than a high molecular Weight linear polyarylate. 

Solvent resistance Was further improved by curing 2,2 
bis(4-ethynylbenzoyloXy-4‘-phenyl)propane, a coreactant, 
With the ethynyl-terminated polymer at concentrations of 
about 10 percent by Weight. 

N. H. Hendricks and K. S. Y. Lau, “Flare, a LoW Dielec 
tric Constant, High Tg, Thermally Stable Poly(arylene ether) 
Dielectric for Microelectronic Circuit Interconnect Process 
Integration: Synthesis, Characterization, Thermomechanical 
Properties, and Thin-Film Processing Studies,” Polymer 
Preprints, 37(1), 150 (1996), the disclosure of Which is 
totally incorporated herein by reference, discloses non 
carbonyl containing aromatic polyethers such as ?uorinated 
poly(arylene ethers) based on deca?uorobiphenyl as a class 
of intermetal dielectrics for applications in sub-half micron 
multilevel interconnects. 

J. J. Zupancic, D. C. Blazej, T. C. Baker, and E. A. Dinkel, 
“Styrene Terminated Resins as Interlevel Dielectrics for 
Multichip Models,” Polymer Preprints, 32, (2), 178 (1991), 
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the disclosure of Which is totally incorporated herein by 
reference, discloses vinylbenzyl ethers of polyphenols 
(styrene terminated resins) Which Were found to be photo 
chemically and thermally labile, generating highly 
crosslinked netWorks. The resins Were found to yield no 
volatile by-products during the curing process and high glass 
transition, loW dielectric constant coatings. One of the resins 
Was found to be spin coatable to varying thickness coatings 
Which could be photode?ned, solvent developed, and then 
hard baked to yield an interlevel dielectric. 

Japanese Patent Kokai JP 04294148-A, the disclosure of 
Which is totally incorporated herein by reference, discloses 
a liquid injecting recording head containing the cured matter 
of a photopolymerizable composition comprising (1) a graft 
polymer comprising (A) alkyl methacrylate, acrylonitrile, 
and/or styrene as the trunk chain and an —OH group 
containing acryl monomer, (B) amino or alkylamino group 
containing acryl monomer, (C) carboXyl group-containing 
acryl or vinyl monomers, (D) N-vinyl pyrrolidone, vinyl 
pyridine or its derivatives, and/or an acrylamide as the 
side chain; (2) a linear polymer containing constitutional 
units derived from methyl methacrylate, ethyl methacrylate, 
isobutyl methacrylate, t-butyl methacrylate, benzyl 
methacrylate, acrylonitrile, isobornyl methacrylate, tricyclo 
decane acrylate, tricyclodecane oXyethyl methacrylate, 
styrene, dimethylaminoethyl methacrylate, and/or cyclo 
heXyl methacrylate, and constitutional unit derived from the 
above compounds (A), (B), (C), (D), (E), or above; (3) 
an ethylenic unsaturated bond containing monomer; and (4) 
a photopolymerization initiator Which contains (a) an 
organic peroXide, s-triazine derivative, benzophenone or its 
derivatives, quinones, N-phenylglycine, and/or alkylarylke 
tones as a radical generator and (b) coumarin dyes, keto 
coumarin dyes, cyanine dyes, merocyanine dyes, and/or 
Xanthene dyes as a sensitizer. “Functional Polymers and 
Sequential Copolymers by Phase Transfer Catalysis, 2a: 
Synthesis and Characterization of Aromatic Poly(ether 
sulfone)s Containing Vinylbenzyl and Ethynylbenzyl Chain 
Ends,” V. Percec and B. C. Auman, Makromol. Chem., 185, 
1867—1880 (1984), the disclosure of Which is totally incor 
porated herein by reference, discloses a method for the 
synthesis of ot,u)-bis(vinylbenzyl) aromatic poly(ether 
sulfone)s and their transformation into ot,u)-bis 
(ethynylbenzyl) aromatic poly(ether sulfone)s. The method 
entails a fast and quantitative Williamson etheri?cation of 
the ot,u)-bis(hydroXyphenyl) polysulfone With a mixture of 
p- and m-chloromethylstyrenes in the presence of tetrabu 
tylammonium hydrogen sulfate as phase transfer catalyst, a 
subsequent bromination, and then a dehydrobromination 
With potassium tert-butoXide. The DSC study of the thermal 
curing of the ot,u)-bis(vinylbenzyl) aromatic poly(ether 
sulfone)s and ot,u)-bis(ethynylbenzyl) aromatic poly(ether 
sulfone)s demonstrates high thermal reactivity for the 
styrene-terminated oligomers. 

“Functional Polymers and Sequential Copolymers by 
Phase Transfer Catalysis, 3a: Synthesis and Characterization 
of Aromatic Poly(ether sulfone)s and Poly(oXy-2,6 
dimethyl-1,4-phenylene) Containing Pendent Vinyl 
Groups,” V. Percec and B. C. Auman, Makromol. Chem., 
185, 2319—2336 (1984), the disclosure of Which is totally 
incorporated herein by reference, discloses a method for the 
syntheses of ot,Q-benzyl aromatic poly(ether sulfone)s 
(PSU) and poly(oXy-2,6-dimethyl-1,4-phenylene) (POP) 
containing pendant vinyl groups. The ?rst step of the syn 
thetic procedure entails the chloromethylation of PSU and 
POP to provide polymers With chloromethyl groups. POP, 
containing bromomethyl groups, Was obtained by radical 
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bromination of the methyl groups. Both chloromethylated 
and bromomethylated starting materials Were transformed 
into their phosphonium salts, and then subjected to a phase 
transfer catalyzed Wittig reaction to provide polymers With 
pendant vinyl groups. A PSU With pendant ethynyl groups 
Was prepared by bromination of the PSU containing vinyl 
groups, folloWed by a phase transfer catalyZed dehydrobro 
mination. DSC of the thermal curing of the polymers con 
taining pendant vinyl and ethynyl groups shoWed that the 
curing reaction is much faster for the polymers containing 
vinyl groups. The resulting netWork polymers are ?exible 
When the starting polymer contains vinyl groups, and very 
rigid When the starting polymer contains ethynyl groups. 

“Functional Polymers and Sequential Copolymers by 
Phase Transfer Catalysis,” V. Percec and P. L. Rinaldi, 
Polymer Bulletin, 70, 223 (1983), the disclosure of Which is 
totally incorporated herein by reference, discloses the prepa 
ration of p- and m-hydroxymethylphenylacetylenes by a tWo 
step sequence starting from a commercial mixture of p- and 
m-chloromethylstyrene, i.e., by the bromination of the 
vinylic monomer mixture folloWed by separation of m- and 
p-brominated derivatives by fractional crystalliZation, and 
simultaneous dehydrobromination and nucleophilic substi 
tution of the —Cl With —OH. 
US. Pat. No. 4,110,279 (Nelson et al.), the disclosure of 

Which is totally incorporated herein by reference, discloses 
a polymer derived by heating in the presence of an acid 
catalyst at betWeen about 65° C. and about 250° C.: I. a 
reaction product, a cogeneric mixture of alkoxy functional 
compounds, having average equivalent Weights in the range 
of from about 220 to about 1200, obtained by heating in the 
presence of a strong acid at about 50° C. to about 250° C.: 
(A) a diaryl compound selected from naphthalene, diphenyl 
oxide, diphenyl sul?de, their alkylated or halogenated 
derivatives, or mixtures thereof, (B) formaldehyde or form 
aldehyde yielding derivative, (C) Water, and (D) a hydroxy 
aliphatic hydrocarbon compound having at least one free 
hydroxyl group and from 1 to 4 carbon atoms, Which 
mixture contains up to 50 percent unreacted (A); With II. at 
least one monomeric phenolic reactant selected from the 
group 

(HO)11@ (R) 0 

wherein R is selected from the group consisting of hydrogen, 
alkyl radical of 1 to 20 carbon atoms, aryl radical of 6 to 20 
carbon atoms, Wherein R1 represents hydrogen, alkyl, or 
aryl, m represents an integer from 1 to 3, 0 represents an 
integer from 1 to 5, p represents an integer from 0 to 3, X 
represents oxygen, sulfur, or alkylidene, and q represents an 
integer from 0 to 1; and III. optionally an aldehyde or 
aldehyde-yielding derivative or ketone, for from several 
minutes to several hours. The polymeric materials are liq 
uids or loW melting solids Which are capable of further 
modi?cation to thermoset resins. These polymers are 
capable of being thermoset by heating at a temperature of 
from about 130° C. to about 260° C. for from several 
minutes to several hours in the presence of a formaldehyde 
yielding compound. These polymers are also capable of 
further modi?cation by reacting under basic conditions With 
formaldehyde With or Without a phenolic compound. The 
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polymers, both base catalyZed resoles and acid catalyZed 
novolacs, are useful as laminating, molding, ?lm-forming, 
and adhesive materials. The polymers, both resoles and 
novolacs, can be epoxidiZed as Well as reacted With a drying 
oil to produce a varnish resin. 

US. Pat. No. 3,367,914 (Herbert), the disclosure of Which 
is totally incorporated herein by reference, discloses ther 
mosetting resinous materials having melting points in the 
range of from 150° C. to 350° C. Which are made heating at 
a temperature of from —10° C. to 100° C. for 5 to 30 minutes 
an aldehyde such as formaldehyde or acetaldehyde With a 
mixture of poly(aminomethyl) diphenyl ethers having an 
average of from about 1.5 to 4.0 aminomethyl groups. After 
the resins are cured under pressure at or above the melting 
point, they form adherent tough ?lms on metal substrates 
and thus are useful as Wire coatings for electrical magnet 
Wire for high temperature service at 180° C. or higher. 

J. S. Amato, S. Karady, M. SletZinger, and L. M. 
Weinstock, “A NeW Preparation of Chloromethyl Methyl 
Ether Free of Bis(chloromethyl) Ether,” Synthesis, 970 
(1979), the disclosure of Which is totally incorporated herein 
by reference, discloses the synthesis of chloromethyl methyl 
ether by the addition of acetyl chloride to a slight excess of 
anhydrous dimethoxymethane containing a catalytic amount 
of methanol at room temperature. The methanol triggers a 
series of reactions commencing With formation of hydrogen 
chloride and the reaction of hydrogen chloride With 
dimethoxymethane to form chloromethyl methyl ether and 
methanol in an equilibrium process. After 36 hours, a 
near-quantitative conversion to an equimolar mixture of 
chloromethyl methyl ether and methyl acetate is obtained. 

A. McKillop, F. A. Madjdabadi, and D. A. Long, “A 
Simple and Inexpensive Procedure for Chloromethylation of 
Certain Aromatic Compounds,” Tetrahedron Letters, Vol. 
24, No. 18, pp. 1933—1936 (1983), the disclosure of Which 
is totally incorporated herein by reference, discloses the 
reaction of a range of aromatic compounds With methoxy 
acetyl chloride and aluminum chloride in either 
nitromethane or carbon disul?de to result in chloromethy 
lation in good to excellent yield. 

E. P. Tepenitsyna, M. I. Farberov, and A. P. Ivanovskii, 
“Synthesis of Intermediates for Production of Heat Resistant 
Polymers (Chloromethylation of Diphenyl Oxide),” Zhurnal 
Prikladnoi Khimii, Vol. 40, No. 11, pp. 2540—2546 (1967), 
the disclosure of Which is totally incorporated herein by 
reference, discloses the chloromethylation of diphenyl oxide 
by (1) the action of paraformaldehyde solution in glacial 
acetic acid saturated With hydrogen chloride, and by (2) the 
action of paraformaldehyde solution in concentrated hydro 
chloric acid. 

US. Pat. No. 2,125,968 (Theimer), the disclosure of 
Which is totally incorporated herein by reference, discloses 
the manufacture of aromatic alcohols by the Friedel-Crafts 
reaction, in Which an alkylene oxide is condensed With a 
Friedel-Crafts reactant in the presence of an anhydrous 
metal halide. 

US. Pat. No. 5,994,425 and Copending US. application 
Ser. No. 09/221,024, ?led Dec. 23, 1998, entitled “Curable 
Compositions,” With the named inventors Timothy J. Fuller, 
Ram S. Narang, Thomas W. Smith, David J. Luca, and Ralph 
A. Mosher, the disclosures of each of Which are totally 
incorporated herein by reference, disclose an improved 
composition comprising a photopatternable polymer con 
taining at least some monomer repeat units With 
photosensitivity-imparting substituents, said photopattern 
able polymer being of the general formula 
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TQ/OWT 
(E l 

@ 
wherein X is an integer of 0 or 1, Ais one of several speci?ed 
groups, such as 

B is one of several speci?ed groups, such as 

or mixtures thereof, and n is an integer representing the 
number of repeating monomer units. Also disclosed is a 
process for preparing a thermal ink jet printhead With the 
aforementioned polymer and a thermal ink jet printhead 
containing therein a layer of a crosslinked or chain eXtended 
polymer of the above formula. 
US. Pat. No. 5,849,809, ?led Aug. 29, 1996, and Copend 

ing U.S. application Ser. No. 09/159,426, ?led Sep. 23, 
1998, entitled “HydroXyalkylated High Performance Cur 
able Polymers,” With the named inventors Ram S. Narang 
and Timothy J. Fuller, the disclosures of each of Which are 
totally incorporated herein by reference, disclose a compo 
sition Which comprises (a) a polymer containing at least 
some monomer repeat units With photosensitivity-imparting 
substituents Which enable crosslinking or chain extension of 
the polymer upon eXposure to actinic radiation, said polymer 
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being of the formula 

TQOWT 
(CA1). 

Wherein X is an integer of 0 or 1, A is one of several speci?ed 
groups, such as 

O 

B is one of several speci?ed groups, such as 

or miXtures thereof, and n is an integer representing the 
number of repeating monomer units, Wherein said 
photosensitivity-imparting substituents are hydroXyalkyl 
groups; (b) at least one member selected from the group 
consisting of photoinitiators and sensitiZers; and (c) an 
optional solvent. Also disclosed are processes for preparing 
the above polymers and methods of preparing thermal ink jet 
printheads containing the above polymers. 

Copending U.S. application Ser. No. 08/705,488, ?led 
Aug. 29, 1996, entitled “High Performance Polymer Com 
positions Having Photosensitivity-Imparting Substituents 
and Thermal Sensitivity-Imparting Substituents,” and 
Copending US. application Ser. No. 09/221,690, ?led Dec. 
23, 1998, entitled “High Performance Polymer 
Compositions,” With the named inventors Thomas W. Smith, 
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Timothy J. Fuller, Ram S. Narang, and David J. Luca, the 
disclosures of each of Which are totally incorporated herein 
by reference, disclose a composition comprising a polymer 
With a Weight average molecular Weight of from about 1,000 
to about 65,000, said polymer containing at least some 
monomer repeat units With a ?rst, photosensitivity 
imparting substituent Which enables crosslinking or chain 
extension of the polymer upon eXposure to actinic radiation, 
said polymer also containing a second, thermal sensitivity 
imparting substituent Which enables further polymeriZation 
of the polymer upon eXposure to temperatures of about 140° 
C. and higher, Wherein the ?rst substituent is not the same 
as the second substituent, said polymer being selected from 
the group consisting of polysulfones, polyphenylenes, poly 
ether sulfones, polyimides, polyamide imides, polyarylene 
ethers, polyphenylene sul?des, polyarylene ether ketones, 
phenoXy resins, polycarbonates, polyether imides, 
polyquinoXalines, polyquinolines, polybenZimidaZoles, 
polybenZoXaZoles, polybenZothiaZoles, polyoXadiaZoles, 
copolymers thereof, and miXtures thereof. 
US. Pat. No. 5,889,077, ?led Aug. 29, 1996, and Copend 

ing US. application Ser. No. 09/221,278, ?led Dec. 23, 
1998, entitled “Process for Direct Substitution of High 
Performance Polymers With Unsaturated Ester Groups,” 
With the named inventors Timothy J. Fuller, Ram S. Narang, 
Thomas W. Smith, David J. Luca, and Raymond K. 
Crandall, the disclosures of each of Which are totally incor 
porated herein by reference, disclose a process Which com 
prises reacting a polymer of the general formula 

TQOWT 
(E )X 

@ 
Wherein X is an integer of 0 or 1, Ais one of several speci?ed 
groups, such as 

O 

y: 
/ \ 

B is one of several speci?ed groups, such as 
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CH2 , 

-continued 

46 

or} 

or miXtures thereof, and n is an integer representing the 
number of repeating monomer units, With a formaldehyde 
source, and (ii) an unsaturated acid in the presence of an acid 
catalyst, thereby forming a curable polymer With unsatur 
ated ester groups. Also disclosed is a process for preparing 
an ink jet printhead With the above polymer. 

US. Pat. No. 5,739,254, ?led Aug. 29, 1996, and US. Pat. 
No. 5,753,783, ?led Aug. 28, 1997, entitled “Process for 
Haloalkylation of High Performance Polymers,” With the 
named inventors Timothy J. Fuller, Ram S. Narang, Thomas 
W. Smith, David J. Luca, and Raymond K. Crandall, the 
disclosures of each of Which are totally incorporated herein 
by reference, disclose a process Which comprises reacting a 
polymer of the general formula 

or owe/Owl 

TQOWT 
(CA1). 

Wherein X is an integer of 0 or 1, A is one of several speci?ed 

groups, such as 
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B is one of several speci?ed groups, such as 

5 

or mixtures thereof, and n is an integer representing the 
number of repeating monomer units, With an acetyl halide 
and dimethoxymethane in the presence of a halogen 
containing LeWis acid catalyst and methanol, thereby form 
ing a haloalkylated polymer. In a speci?c embodiment, the 
haloalkylated polymer is then reacted further to replace at 
least some of the haloalkyl groups With photosensitivity 
imparting groups. Also disclosed is a process for preparing 
a thermal ink jet printhead With the aforementioned polymer. 
US. Pat. No. 5,761,809, ?led Aug. 29, 1996, entitled 

“Processes for Substituting Haloalkylated Polymers With 
Unsaturated Ester, Ether, and Alkylcarboxymethylene 
Groups,” With the named inventors Timothy J. Fuller, Ram 
S. Narang, Thomas W. Smith, David J. Luca, and Raymond 
K. Crandall, the disclosure of Which is totally incorporated 
herein by reference, discloses a process Which comprises 
reacting a haloalkylated aromatic polymer With a material 
selected from the group consisting of unsaturated ester salts, 
alkoxide salts, alkylcarboxylate salts, and mixtures thereof, 
thereby forming a curable polymer having functional groups 
corresponding to the selected salt. Another embodiment of 
the invention is directed to a process for preparing an ink jet 
printhead With the curable polymer thus prepared. 
US. Pat. No. 5,958,995 and Copending US. application 

Ser. No. 09/220,273, ?led Dec. 23, 1998, entitled “Blends 
Containing Curable Polymers,” With the named inventors 
Ram S. Narang and Timothy J. Fuller, the disclosures of 
each of Which are totally incorporated herein by reference, 
disclose a composition Which comprises a mixture of (A) a 
?rst component comprising a polymer, at least some of the 
monomer repeat units of Which have at least one 
photosensitivity-imparting group thereon, said polymer hav 
ing a ?rst degree of photosensitivity-imparting group sub 
stitution measured in milliequivalents of photosensitivity 
imparting group per gram and being of the general formula 

owe/Owl 
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(CA1). 

Wherein x is an integer of 0 or 1, A is one of several speci?ed 
groups, such as 

B is one of several speci?ed groups, such as 

or mixtures thereof, and n is an integer representing the 
number of repeating monomer units, and (B) a second 
component Which comprises either (1) a polymer having a 
second degree of photosensitivity-imparting group substitu 
tion measured in milliequivalents of photosensitivity 
imparting group per gram loWer than the ?rst degree of 
photosensitivity-imparting group substitution, Wherein said 
second degree of photosensitivity-imparting group substitu 
tion may be Zero, Wherein the mixture of the ?rst component 
and the second component has a third degree of 
photosensitivity-imparting group substitution measured in 
milliequivalents of photosensitivity-imparting group per 
gram Which is loWer than the ?rst degree of photosensitivity 
imparting group substitution and higher than the second 
degree of photosensitivity-imparting group substitution, or 
(2) a reactive diluent having at least one photosensitivity 
imparting group per molecule and having a fourth degree of 
photosensitivity-imparting group substitution measured in 
milliequivalents of photosensitivity-imparting group per 
gram, Wherein the mixture of the ?rst component and the 
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second component has a ?fth degree of photosensitivity 
imparting group substitution measured in milliequivalents of 
photosensitivity-imparting group per gram Which is higher 
than the ?rst degree of photosensitivity-imparting group 
substitution and loWer than the fourth degree of 
photosensitivity-imparting group substitution; Wherein the 
Weight average molecular Weight of the mixture is from 
about 10,000 to about 50,000; and Wherein the third or ?fth 
degree of photosensitivity-imparting group substitution is 
from about 0.25 to about 2 milliequivalents of 
photosensitivity-imparting groups per gram of mixture. Also 
disclosed is a process for preparing a thermal ink jet print 
head With the aforementioned composition. 

US. Pat. No. 5,945,253 and Copending US. application 
Ser. No. 09/246,167, ?led Feb. 8, 1999, entitled “High 
Performance Curable Polymers and Processes for the Prepa 
ration Thereof,” With the named inventors Ram S. Narang 
and Timothy J. Fuller, the disclosures of each of Which are 
totally incorporated herein by reference, disclose a compo 
sition Which comprises a polymer containing at least some 
monomer repeat units With photosensitivity-imparting sub 
stituents Which enable crosslinking or chain extension of the 
polymer upon exposure to actinic radiation, said polymer 
being of the formula 

or omo/owl 

TQOWT 
(E )X 

@ 
Wherein X is an integer of 0 or 1, Ais one of several speci?ed 
groups, such as 

O 

II 

B is one of several speci?ed groups, such as 
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G 
CH2 , 

-continued 

or mixtures thereof, and n is an integer representing the 
number of repeating monomer units, Wherein said 
photosensitivity-imparting substituents are allyl ether 
groups, epoxy groups, or mixtures thereof. Also disclosed 
are a process for preparing a thermal ink jet printhead 
containing the aforementioned polymers and processes for 
preparing the aforementioned polymers. 

U.S. Pat. No. 5,863,963, ?led Aug. 29, 1996, and Copend 
ing U.S. application Ser. No. 09/163,672, ?led Sep. 30, 
1998, entitled “Halomethylated High Performance Curable 
Polymers,” With the named inventors Ram S. Narang and 
Timothy J. Fuller, the disclosures of each of Which are 
totally incorporated herein by reference, disclose a process 
Which comprises the steps of (a) providing a polymer 
containing at least some monomer repeat units With halom 
ethyl group substituents Which enable crosslinking or chain 
extension of the polymer upon exposure to a radiation 
source Which is electron beam radiation, x-ray radiation, or 
deep ultraviolet radiation, said polymer being of the formula 

or omowl 

TQ/OWT 
(CA1). 

Wherein x is an integer of 0 or 1, A is one of several speci?ed 
groups, such as 



US 6,174,636 B1 
31 

B is one of several speci?ed groups, such as 

5 

or mixtures thereof, and n is an integer representing the 
number of repeating monomer units, and (b) causing the 
polymer to become crosslinked or chain extended through 
the photosensitivity-imparting groups. Also disclosed is a 
process for preparing a thermal ink jet printhead by the 
aforementioned curing process. 
US. Pat. No. 6,007,877 and Copending US. application 

Ser. No. 09/247,104, ?led Feb. 9, 1999, entitled “Aqueous 
Developable High Performance Curable Polymers,” With the 
named inventors Ram S. Narang and Timothy J. Fuller, the 
disclosures of each of Which are totally incorporated herein 
by reference, disclose a composition Which comprises a 
polymer containing at least some monomer repeat units With 
Water-solubility-imparting substituents and at least some 
monomer repeat units With photosensitivity-imparting sub 
stituents Which enable crosslinking or chain extension of the 
polymer upon exposure to actinic radiation, said polymer 
being of the formula 

(Fro/Owl“ 

\EQOWT 
OX 

10 

15 

20 

25 

30 

35 

40 

50 

60 

32 
Wherein x is an integer of 0 or 1, A is one of several speci?ed 

groups, such as 

B is one of several speci?ed groups, such as 

or mixtures thereof, and n is an integer representing the 

number of repeating monomer units. In one embodiment, a 

single functional group imparts both photosensitivity and 
Water solubility to the polymer. In another embodiment, a 
?rst functional group imparts photosensitivity to the poly 
mer and a second functional group imparts Water solubility 

to the polymer. Also disclosed is a process for preparing a 

thermal ink jet printhead With the aforementioned polymers. 

U.S. Pat. No. 5,814,426, ?led Nov. 21, 1997, entitled 
“Imaging Members Containing High Performance 
Polymers,” With the named inventors Kathleen M. 

Carmichael, Timothy J. Fuller, EdWard F. GraboWski, 
Damodar M. Pai, Leon A. Teuscher, John F. Yanus, and Paul 
F. Zukoski, the disclosure of Which is totally incorporated 
herein by reference, discloses an imaging member Which 
comprises a conductive substrate, a photogenerating 
material, and a binder Which comprises a polymer of the 

formulae I, II, III, IV, V, VI VII VIII, IX, or X: 










































































































































































